Marine microorganisms degrading porphyran (POR) were found on the surface of thalli of Porphyra yezoensis. Fifteen crude microorganism groups softened and liquefied the surface of agar-rich plate medium. Among these, 11 microorganism groups degraded porphyran that consisted of sulfated polysaccharide in Porphyra yezoensis. Following isolation, 7 POR-degradable microorganisms were isolated from the 11 PORdegradable microorganism groups.
In recent years, many foods with health claims, such as foods for specified health use (FOSHU) and foods for nutrient function claims, and nutritional supplementary foods have been developed and distributed in the processed foods market in Japan. Many ingredients concerned with FOSHU have been approved by Ministry of Health, Labor, and Welfare: sodium alginate, guar gum digest, and so on. In our previous research, it was thought that porphyran (POR), sulfated polysaccharide, distributed in the intercellular matrix for protection of organs of the algal body of Porphyra yezoensis has the potential to improve lipid metabolism for human health. 1) Also, POR can be extracted with hot water from Porphyra sp., 2) an edible seaweed cultivated abundantly in eastern Asia. POR is constituted of Dgalactose, 3,6-anhydro-L-galactose, 6-O-methyl-D-galactose, and L-galactose 6-sulfate.
2) Also, Morrice et al. have reported that oligosaccharides of POR degraded by -agarase I from Pseudomonas atlantica are neoagarohexaoses with and without methylation, sulfated oligosaccharides, and so on.
3) Based on this report, it was thought that the structure of POR is partially similar to that of agarose. Recently, several researchers have reported that POR has the similar benefits as other nonstarch polysaccharides: for example, prebiotic activity, 4) antitumor activity, 5, 6) and antihyperlipidemic activity.
7)
POR indicates these health benefits in spite of high molecular weight (higher than 100,000), and the fact that it is hard to absorb and tends not to affect such physiological functions to the body. If sulfated oligosaccharides can be produced from POR, it might be possible to achieve novel health benefits in the body. When subjected to alkaline or acid treatment, the structures of 3,6-anhydro-L-galactose and 6-O-methyl-L-galactose might be changed and unexpected products might be made by such treatments. Therefore, milder treatments are needed for oligomerization, such as enzymolysis. Many researchers have found extracellular agarases produced by various marine microorganisms: Alteromonas sp., 8, 9) Vibrio sp. Strain JT0107, 10) Pseudomonas isolate, 11) Bacillus cereus ASK202, 12) and Thalassompnas sp., 13) but applications of these agarases to POR have not reported in detail. Since Morrice et al. have reported that a high molecular fraction (an average degree of polymerization of 40) remained afteragarase degradation of POR, 3) it is possible that it is difficult to degrade POR to less than an average degree of polymerization of 10.
In this study, we tried to isolate microorganisms that degrade POR from the surface of thalli of Porphyra yezoensis, followed by separation of agar-degrading microorganisms.
First, separation of agar-digesting microorganisms from red alga, Porphyra yezoensis, was carried out. P. yezoensis (10 g), taken Ariake Sea in Japan, was soaked and washed three times in sterilized seawater taken from the Genkai Sea in Japan (0.6 liter/time, y To whom correspondence should be addressed. Tel: +81-952-30-8162; Fax: +81-952-25-1694; E-mail: yoshimura@saga-itc.go.jp * Present address: Department of Bioengineering, Yatsushiro National College of Technology Abbreviations: POR, porphyran; Gal, galactose; MMF, middle molecular fraction; LMF, low molecular fraction autoclave sterilization). The washed alga was transferred to agar-rich liquid medium (1-liter, 1 g agar, and 1 g potassium nitrate in 1 liter seawater). Microorganisms attached to the alga were precultivated at 24 C for a week with standing. The preculture (0.1 ml) was inoculated upon agar-rich plate medium (25 g agar and 1 g potassium nitrate in 1 liter seawater) or Zobell 2216E medium following to the method of Ishida and Sugita, 14) with a slight modification (25 g
The 15 crude microorganism groups in the liquid or around the holes of the agar-rich plates were inoculated to POR-rich liquid medium (1 g POR and 1 g potassium nitrate in 1 liter seawater), and the degradation activity for POR was examined. POR was prepared as follows: P. yezoensis (100 g), taken from the Ariake Sea, was soaked in ultrapure water (2 liter), and heated at 120 C and 0.1 MPa for 30 min. The mixture was filtrated to separate the insoluble fraction with qualitative filter paper (no. 2, Toyo Roshi, Tokyo) under reduced pressure. The soluble fraction was concentrated with ultrafiltration apparatus (Pellicon II; nominal molecular weight limit, 30 kDa; Millipore, Billerica, MA). The concentrate was lyophilized. The lyophilized powder (15 g) was redissolved in ultrapure water (800 ml). Nucleic acids in the solution were hydrolyzed with nuclease (0.2% [g-enzyme/g-solid content of lyophilized powder], Nuclease Amano G, Amano Enzyme, Nagoya, Japan) at 50 C for 72 h after the pH of the solution was adjusted to 5.0. After the period, the pH of the solution was readjusted to 8.0, and protease (0.2% [g-enzyme/g-solid content of lyophilized powder], Actinase E, Kaken Pharmaceutical, Tokyo) was added. The solution was incubated at 50 C for 72 h to degrade nuclease and other proteins. After the reaction, the enzyme was inactivated by heating at 100 C for 30 min. The solution was centrifuged at 10;000 Â g and 4 C for 30 min. The supernatant was concentrated with an ultrafiltration apparatus (mentioned above), and then the concentrate was relyophilized. POR-degradation activity was evaluated by thin layer chromatography of sugar compositions in a supernatant of POR-rich liquid medium after cultivation. Of 15 crude microorganism groups that liquefied and/or softened the agar-rich plate medium, 11 microorganism groups degraded and/or digested POR during cultivation at 24 C for one week (data not shown). Based on this result, it might be that there were some microorganisms that produced PORdegradable enzymes in those microorganism groups.
Among the 11 microorganism groups that degraded POR, six microorganism groups having stronger activity were found. Twenty-five microorganisms (A-Y) were isolated from the six microorganism groups. These isolated microorganisms were cultivated in POR-rich liquid medium at 24 C for one week with standing. The culture was filtrated with a membrane filter (pore size, 0.45 mm; Millipore, Billerica, MA). Total sugar content in each culture was determined by the anthrone-sulfuric acid method. This method was as follows: an anthronesulfuric acid solution (600 ml, 0.2% in diluted sulfuric acid [sulfuric acid:ultrapure water = 5:2]) was added to a sample solution (100 ml) in an ice/water bath, and the mixture was vortexed. The mixture was heated at 100 C for 7 min for colorimetric reaction and cooled in an ice/ water bath. Absorbance at 620 nm was measured using a spectrophotometer, and the total sugar content was estimated by use of a calibration curve with galactose as the standard. Figure 1 shows the total sugar content in the POR-rich liquid culture after cultivation. Strain G and Y digested POR efficiently, as compared with the other isolated microorganisms. Though the digestion activity was weak, strains D, E, I, P, and Q also digested POR. By use of the culture, the molecular weight distributions of constituted sugars degraded by each strain were evaluated. Fractionation of molecular weight was carried out with a centrifugal filter device following the instructions (ULTRAFREE-0.5; nominal molecular weight limit, 5,000 or 30,000; Millipore, Billerica, MA). After fractionation, the volumes of the permeated fraction and the retained fraction were adjusted to the initial volume. The molecular weight distributions in each culture are indicated in Fig. 2 . The sugar content of the middle molecular fraction (MMF; 5;000 < MW < 30;000) was almost equal to that of the low molecular fraction (LMF; MW < 5;000) in strain G. On the other hand, in strain Y, the sugar content of LMF was three times that of MMF. Based on these results, strains G and Y might have different POR-degradation mechanisms because of the difference in molecular weight distribution after cultivation.
In this study, seven POR-degrading strains, G, Y, D, E, I, P, and Q, were isolated from the surface of thalli of P. yezoensis. In our next study, clarification of the properties of these microorganisms, separation of PORdegradable enzymes, clarification of the properties of the enzymes, and so on will be performed for application to POR oligomerization.
